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(54) Evacuation system 

(57) An evacuation system having a long service 
life, a compact configuration and high reliability is dis- 
closed. The system enables the process gases to be 
reused, so that the overall costs of capital investment 
and operation are reduced. The system conrprises a 
processing chamber, and a vacuum pump communicat- 
ing with the processing chamber k>y way of an evacua- 
tion conduit for evacuating the processing chamber. The 
evacuation conduit are provk^ed with not less than two 
trapping devices arranged in series and operating at dif- 
ferent temperatures for capturing different components 
contained in an exhaust gas discharged from the 
processing chamber. 
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Description 

BACKGROUND OF THE INVENTION 
5 Retd of the Invention 

The present invention relates to an evacuation system used in» for example, evacuating a processing chamber of a 
semiconductor falxication apparatus. 

10 Description of the Related Art 

A conventional evacuation system will be explained with reference to Figure 23. A vacuum chanrber 410 is. for 
example, a processing chamber in a semiconductor fabrication apparatus for performing tasks such as dry etching 
process or chemical vapor deposition (CVD) process, and is connected to a vacuum pump 412 through an evacuation 

IS and exhaust conduit 414. The vacuum pump 41 2 is used to elevate the pressure of the process gas to an atmospheric 
pressure so as to evacuate the vacuum chamber 410, and in the past, this role has been served by an oil pump, but 
lately it has been mainly served by a dry pump. H the degree of vacuum required by the vacuum chanter 410 is higher 
than that achievable by the dry pump alone, a higher performance vacuum device such as a turtx)nrK)lecular pump is 
sometimes used in the upstream side of the dry pump. 

20 The process gas can be toxic or explosive, depending on the nature of the process, and cannot be allowed to 
escape into the environment without being treated. For this reason, an exhaust gas treatment device 426 is placed 
downstream of the vacuum pump 412 In wNch those gaseous components which cannot be released to the environ- 
ment are treated by being adsorbed, decomposed or absorbed, and only the detoxified gases are released. The evac- 
uation conduit 414 is provided with valves to isolate sections, as necessary. 

25 The conventional arrangement of evacuation systems described atX3ve share the following convnon faults. 

1 . If the reaction byproducts contain corrosive gases, the vacuum pump may be attacked, thus shortening its serv- 
ice life. For example, when etching silicon-based devices with a typical process gas containing CF4 and O2. its 
exhaust gas contains SiF4. F2. CO. CO2 in addition to the residual CF4 and Og. Of these gases, F2 is particularly 

30 strongly corrosive (because fluoride radicals are produced in the process) to the vacuum pump. 

2. If the process byproduct contains a gas having a high sut)limation temperature, which is exhausted by the vac- 
uum pump, the result is the formation of deposit particles within the vacuum pump to ultimately t>eoome a reason 
for its failure to perform. For example, when etching aluminum-based devices by using a typical process gas con- 
taining BCI3. CI2, the vacuum pump must exhaust a reaction byproduct gas AICI3. in addition to residual BCI3 and 

35 CIg. This gas. AICI3. does not decompose in the intake side of the pump because of its low partial pressure, but the 
partial pressure increases in the pressurized exhaust gas to produce precipitation within the vacuum pump to 
cause performance problems. Similar problems occur when operating a CVD apparatus, for producing SiN films, 
that produces byproduct gases (NH4)2SiF6 and NIH4CI and the like. 

3. Solid particles may be discharged from the processing chamber, which may enter the vacuum pump directly to 
40 cause operational problems. For example, in the case of a reduced pressure CVD apparatus based on tetraethyi- 

oxysilane (TEOS) process for producing Si films, the process gas containing TEOS and O2 is used, and various 
types of alcohols and solid SiOa particles are produced. The silicon oxide particles are produced as solids in the 
reaction, and they impart mechanical damage to tiie vacuum pump. 

4. When the byproduct contains a gas which is reactive at high temperatures, it may react within the vacuum pump 
46 to cause operational problems. For example, in a CVD apparatus for producing tungsten films using a typk^al proc- 
ess gas containing WFg and SiH4. the gaseous byproducts IHF and I-I2 along vinth residual WFe and SiH4 gases are 
exhausted from the processing chamber. As the pressure and temperature within the vacuum pump increase. WFe 
and SiH4 react with each other to precipitate W particles that cause operational problems for the vacuum pump. 

5. The conventional facilities are expensive to operate because the process gases are discarded without being 
50 reused. Especially some gases such as SiH4 are expensive, and it is desirable that they be recycled, however, recy- 
cling has not been practiced in the past. Also, in the conventional approach, there are trapped several kinds of 
gases in one trapping device, and It has t>een laborious to process the byproducts for separation into various com- 
ponents. 

6. The entire voluminous exhaust gas must be processed in the exhaust gas treatment apparatus, which leads to 
55 a large-scale operation and a huge capital expenditure, in the first place, and the processing steps become com- 
plex and the running cost can be expensive. 

Of the various problems listed above, corrosion resistant pumps have been developed to deal with the problems 
presented in items 1. and the problems outiined in item 2 have been dealt with by raising the operating temperature of 
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the vacuum pump; however, such remedies relate only to the vacuum pump operations, and because the overall system 
problems have not been addressed, progress has been minimal. There have been no considerations given to the prob- 
lems outlined in items 5 and 6. 

5 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an evacuation system having a long service life arxJ Ngh reliability, 
which can also make the exhaust gas treatment device smaller, and the process gases reusable, so that the overall 
costs of capital investment and operation are reduced. 
10 The object has been achieved in an evacuation system comprising a processing chamber, and a vacuum pump 
communicating with the processing chamber by way of an evacuation conduit for evacuating the processing chamb^. 
wherein the evacuation conduit are provided writh not less than two trapping devices anranged in series and operating 
at different temperatures for capturing different components contained in an exhaust gas discharged from the process- 
ing chamt^er. Corrosive gases and atxasive components in the exhaust gas are thus removed before they can enter into 
IS the vacuum pump to cause damage to the pump. The adoption of at least two different temperatures for the traps ena- 
bles to separate the exhaust gas having a mixture of component gases into separate components, thi^ facilitating the 
ensuing process of gas treatment and conserving expensive process gases for reuse. 

The cascading arrangement of thermal traps in a descending temperature gradient, from upstream to downstream 
traps in the evacuation system, enables solid particles and those gases having high sublimation temperatures to be 
20 trapped in the first trap while the other components and reaction byproducts can be trapped in the second and ensuing 
traps downstream, according to their thermodynamic properties. 

The trap temperature varies depending on the type of target gas, and should be set lower than the solicfifying tem- 
perature of the target components. If the tenperature is in a typical range, i.e.. not lower than -60 **C. the cooling 
medium can be chosen from such materials as air, water, brine and organic coolants. 
25 Especially, tor those thermal traps following the second trap, the operating temperatures are often not higher than 
-60 °C. In these cases, cooling methods include helium refrigeration device (based on the heat of expansion of helium 
gas) used in cryogenic pumps typically represented by GM refrigeration device. More preferably, a pulse tube refriger- 
ation device is used to nvnimize vibration. 

When the trap temperature is close to or higher than the vaporization tenperature of the liquefied gas. it is conven- 
30 lent to utilize the latent heat of vaporization. Especially, liquid nitrogen is attractive because of its availability and low 
cost. If not less than two low-temperature traps are needed, helium refrigeration unit can be used in conjunction with a 
liquid nitrogen unit. 

Trapping performance changes deperxJing on the operating temperature of the low-temperature trap, therefore, a 
temperature sensor may be provided in conjunction with a heater and a controller to maintain a constant temperature 
35 in the trap. 

From the standpoint of ease of treatir^ gaseous components for reuse, the trapped gases should be essentially 
free of impurities, and for this reason, descending temperatures in a series cascading arrangement of traps is prefera- 
ble. 

The operating temperatures of the various low-temperature traps should be separated by a pre-determined 
40 amount, for example, in a vicinity of -60 °C, the difference should be not less than 40 "C, and in a vicinity of -200 "C. it 
should be not less than 20 '^C. By adopting such a scheme, it is possible to separate the gases into precise groups. 

When the target gas does not solidify except at extremely low temperatures or when rt is desired to trap a certain 
gas. it is effective to use adsorption agent on the surface of the low-tenperature trap. Such agents include zeolite, acti- 
vated charcoal, alumina, silica get and metal oxides. 
,45 When the accumulated solid material or solidified gas reaches a certain level in a trap, the trap must be regener- 
ated. The need for replacing of a trap can be indicated by a sensor, for example, by measuring a differential pressure 
between fore-and aft-locatlons of the trap. When a threshold value is exceeded, it may be an indication of the limit of 
the trap capacity so that the trap should be regenerated. 

For regeneration purposes, if it is difficult to process the trap in-situ. because of solid particles accumulated therein, 
50 for example, an entire new trap may be substituted for the used trap. For this purpose, the trap may be attached to the 
conduit with a flange, for exanpie. so that it may be readily detached from the system. For isolating the trap while 
detaching from the system, shut-off valves or self-closing valves may be utilized. 

The target gas trapped at relatively higher temperatures are time-consuming to recover at room temperature, and 
in such cases, it is desirable to provide a heater inside the trap. Ttiose gases trapped at relatively lower temperatures 
55 can be regenerated quickly at room temperature, and require no heater. In such cases, a gas inlet port to admit a gas 
at room temperature facilitates regeneration of the target gas, and if the gas is explosive in nature, an inert gas such as 
nitrogen can be used to dilute tiie gas. 

When the regenerated gases are to be reused, an inert gas cannot be introduced into the ti-ap. thus necessitating 
the trapped gas to be released gradually. In such cases, it is necessary to gradually adjust the cooling process of the 
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refrigeration unit or liquid gas so as to gradually raise the temperature of the trap. 

During such a regeneration operation, the trap must be detached from the system or the fore- and aft-valves of the 
trap must be shut off. thus disabling the vacuum function. Therefore, to continue the regeneration process without shut- 
ting down the evacuation process, at least two groups of a parallel arrangement of traps should be inserted into the 
5 evacuation system so that the evacuation path may be switched from one group to another group of traps. 

The trapping devices may comprise a switching device for mechanically switching at least one of tiie trapping 
devices between the regeneration conduit and the evacuation conduit In this case, the trapping devices may comprise 
two trapping menders atternatingly placed in the regeneration conduit and the evacuation conduit so as to enable a 
simultaneous processing of trap and regeneration. This construction makes it unnecessary to stop the apparatus for 
w conducting regeneration process even in a long time operation, or to prepare substitute trapping members. It also 
makes it easier to automize the whole process by using an appropriate timing jidgement device. 

If the regenerated gas can be reused, It can be treated through a refining apparatus before it is returned to the 
processing chamber, lif the regenerated gas requires cleansing before being discarded, it is sent to a treatment appa- 
ratus. 

IS If the regenerated gas cannot be treated immediately or if there is no cleansing apparatus, the trapped gas is sent 
to a storage tank maintained at about the same temperature, so that it can be re-solidified and stored for later process- 
ing. The stored gas can be reused or the tank can be moved to a suitat^e processing site. 

The traps presented above are based on a thermal capturing principle. However, the efficiency of the whole evac- 
uation system can be further improved by combining such thernwl traps with other types of traps. For example, residual 

20 gases can be reacted or decomposed, and the corrosive process gas such as F2 radicals can be reacted with a sacri- 
ficial material, such as cart)on. before entering the traps. 

The present invention is embodied in another type of an evacuation system based on reactive traps. This object 
has been adiieved in a system comprising a processing chamber and a vacuum pump communicated with an exhaust 
conduit having a reactive trap for reacting with a target component of the exhaust gas so as to deactivate the target 

ss component. 

Accordingly, an active component contained in the exhaust gas is reacted with the sacrificial material before it is 
allowed to enter into the vacuum pump, and is converted into an inactive material, so that the vacuum pump is protected 
from conosion or blockage within the pump caused by the active component reacting with other components in the vac- 
uum pump. 

30 The sacrificial material may be fabricated into suitable shapes so as to provide ample flow of gases. Such a trap is 
placed upstream of the vacuum pump, and because the gas velocity is high, it is necessary to provide good flow- 
through properties in the trap. 

In some case, it may be necessary to provide a filtering device between the sacrificial material and the vacuum 
purrp to remove solid byproducts formed by the reaction of sacrificial material with some specific substance in the 
35 exhaust gas. By adopting such an arrangement, the vacuum pump can be maintained in a top performance condition, 
by removing and preventing any harmful products from reaching the vacuum pump. 

The filtering device may be formed as a low-temperature trap, in which high solidification temperature components 
are trapped through solidification and are renrx>ved. 

The vacuum pump may be formed as a dry pump which uses no lubricating oil in an exhaust path. Since, in this 
40 type of pumps, the surfaces of the assembly members along the exhaust path are not covered by lubricating oil and are 
exposed to the evacuated gas, and accordingly are sensitive to the corrosive conponents included in the evacuated 
gas. 

The reactive trapping device may be detachably disposed in a path of the exhaust passage so as to make the trap- 
ping device exchange operation easier or to enable the saaif ice material supply operation to be done while the trapping 
45 device is disassembled. 

The reactive trapping device may be disposed in a dual parallel arrangement so as to be selectively communicable 
with the evacuation conduit, so that the trapping device exchange operation or the sacrifice material supply operation 
can be done without stopping the evacuation system. 

The reactive trapping device may comprise a sensor to indicate an amount of sacrificial material remaining such as 
50 a sensor to indicate a differential pressure between fore- and aft-locations of the reactive trapping device. This makes 
it easier to automize the whole process. 

The sacrificial material may include not less than one material selected from a group consisting of C. Si and S. 

The saaificial material may also include a metallic material. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic representation of an embodiment of the evacuation system according to the present inven- 
tion. 

Figure 2 is a drawing to show the construction of a thermal trap. 
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Figure 3 is another example of the therrnal trap. 

Figure 4 is a schematic representation of the fore- and aft-trap arrangement having a differentia! pressure sensor. 
Rgure 5 is a schematic representation of a parallel anrangement of two fore- and aft-traps. 
Figure 6 is a schematic representation of another fore-and aft-trap arrangement having a gas storage unit. 
Figure 7 is a schematic representation of the another thermal trap arrangement 

Rgure 8 is a schematic representation of a cascading arrangement of the thermal traps in an evacuation system. 
Figure 9 is a graph showing the principle of trapping byproducts according to thermal trapping principle. 
Figure 10 is a schematic representation of an embodiment which combines thermal and reactive traps In the evac- 
uation system. 

Figure 1 1 1s a schematic representation of a spherical reactive trap arrangement. 
Figure 12 is a schematic representation of a dual parallel trap anangement. 

Figure 1 3 is a schematic representation of another embodiment of the evacuation system according to the present 

invention. 

Figure 14 is a drawing to show the construction of a thermal trap used in the emkxxiiment shown In Figure 13. 
Figure 15 is an enlarged view showing the construction of a tiiermal trap shown in Figure 14. 
Figure 16 is a schematic representation of another embodiment of reactive trap arrangement in the evacuation sys- 
tem. 

Rgure 1 7 is a perspective view of the essential structural components of a reactive trap. 
Figures 15A-C are perspective views of the various configurations of sacrificial material containers. 
Figure 1 9 is another embodiment of the reactive trap having a filter section. 
Figure 20A and 17B are still another configurations of the reactive trap. 

Figure 21 is a schematic representation of yet another combination of thermal and reactive traps in the evacuation 
system. 

Figure 22 is a schematic representation of a double parallel arrangement of reactive traps in combination with a dif- 
ferential pressure sensor in tiie evacuation system. 

Rgure 23 is a schematic representation of tiie conventional evacuation system. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following, preferred embodiments of the two type of evacuation systems and various arrangement of the trap- 
ping devices in the system will be presented with reference to the drawings. 

Figure 1 is a schematic reixesentation of a first embodiment of the evacuation system of the present invention, in 
which a vacuum chamber 10 and a vacuum pump 12 are connected through an evacuation conduit 14 in a series 
arrangement with two b-apping devices 16, 18 operated at different temperatures through valves 20. 22 and 24. Dovim- 
stream of the vacuum pump 12, there is an exhaust gas treatment device 26. 

The first trapping de^^ice 16 is operated at a relatively high temperature, and as shown in Figure 2. comprises a 
cylindrical casing 102, for example, having a cooling jacket 100 mounted on the outer periphery of tiie casing 102 for 
flowing a cooling medium therethrough, and a baffle plate 106 spirally formed about the central axis 104 of the casing 
102 for defining a gas passage extending from the lower entry port 108 to the upper exit port 1 10. The trapping device 
16 is made of a material of good tiiermal conductivity, such as metals, and the upper lid is detachably attached with a 
flange to the casing 102. 

A second trapping device 18 operates at a much lower temperature, for example, at not higher than -60 °C. and has 
a similar construction to the first trapping device having a casing 102 which houses a baffle plate 106, as shown in Fig- 
ure 3, but it is provided with a hollow shaft 1 12 having a passage 1 14 for flowing a refrigerant such as liquid nitrogen. 
In this example, the casing is provided with, in addition to a lower entry port 108 and an upper exit 1 10. a regeneration 
medium entry port 1 16 for the regeneration gas medium (such as nitrogen, which would not react with the regenerated 
process gas) and regenerated gas exit port 118 for outflow of the regenerated gas. A heater 182 for facilitating the 
regeneration is provided on the hollow shaft 1 12. 

A description will be presented to explain tiie process of aluminum etching using tiie evacuation system. With a typ- 
ical process gas conprising BCI3 and CI2. the vacuum chamber exhaust gas is a mixture of gases BCI3, CI2 and AICI3. 
The solidifying temperatures of these gases are as follows: 



Gas Type 


BCI3 


Cl2 


AICI3 


Solid T (X) 
Boiling T (»C) 


-107 
12.5 


-101 
-34.0 


180 
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5 "Tf"""" ^"'^ "'^ "Wing de^e 16 through the conduit 14 and 

5 ? ' : ^."^ ^"P^ ^^'^ "'^^"S^ condensation. Because the solidifying temperature of AIQ 

"1 "T"^ ' '^"3"^^"* •'^^"S^ ♦'^^ 100' « » ^'eslraWe to operate it a 

a lower temperature for getting a higher trapping efficiency. 

tJ^'ZT^a'^T'^^ it is not desired to trap BCI3 and C^. thecooBng tenperature mustbe higher than the dew pdnt 
SrfR ^' rT^^'^ "'^ '^'"9 ''^"'^ Accortingly. the exhaust gas from the tra^Jig 
Js^tS^ig^^Te^Sll^^^^ 

Rn ''^'^ "^"'^ <^fO"9'' •^o"«» shaft 1 14. The result is that 

r^t". ^"^ ^^"^ '^^'"9 '^^'^^ 1 8. Some portions of BCI3 and Cla flow through tt» 

treatment device 26 and the remainder gas is discharged into the atmosphere. The capture ratio is determined by the 
IS area Of cooled surface, partial pressures of BCI3 and O,. and exhaust^ed and otherVation J ^i^^ ^ 
faces SthofLt" ^ f opemtion has been accumulated, regeneration process is commenced. The inside sur- 

Figure 4 shows conduit arrangement in another embodiment of the trapping device 16. There is a differential ores- 
ArTh?r° dWe'«"ce between the upstreamlii iwnstream loc^Ii^ in Se^iSSS, 

path. /Uso. the fbre-and aft-condurt are each provided with a pair of valves 122. 124and 126. 128. as well asftenoecaT 
plings 130 and 132. ^ the amount of trapped AICI3 increases, it is reflected in the difleren^l p^^^S s" S^isS^s 
the pressure lo^ in the first trapping device 1 6. When a pre^letermined threshold value is SSd^^nerafoS 
process is started. In this case, valves 122. 124. 126. 128 are closed and the flange couplings^T32?re diSS. 

!r ^changing the entire trapping device, the process line needs only to beWopped briefly 

ing the exchange process, thus avoiding shutting down the process line for a long period ^ 

JuT^ ^ ''^'"3 "^^'"^ ^""^ P'^'P^^ beforehand, however, it is possible to provide a 

^allel arrangement of trapping devices 16. as shown in Figure 5. to be switched with a valve. In^^e SSn 

.r""":? ''"^1 120 indicates a high value, the operation is continued by switching the^cSatoTpS 
while the trapping device 16 in the isolated line is being regenerated or replaced wacuaoon pam 

Regeneration of the second trapping device 18 is perfomied by connecting the exit port with storage facility 180 
«^ conduit, as Shown |n Figure 6. R^^^ 

« « to^2t?J?«tlTtJ«. ! f ""^"^ ae^ce^B is provkled with a heater 182 

Srt 1 18 S^iS, S an?5%« i°H '° ^'^""J^^ <fr°"" BCI3 and Cfe to exhaust from the exit 

^ 2 ^ ® P"'®' a storage facility 180 so that they may be 

reused directly for device processing. «~ u ■« u my may oe 

In this case, because the trap temperature is extremely low. regeneration is possible even at room tencerature 
however, the heater 182 is provided to speed up the regeneration process. InsteJd^of the heJter S^fe S£ to 
introduce a heated regeneration gas. such as inert gas. from the regeneration gas entry port 1 16 

AS described above by providing trapping devices 16. 18 in the fore-stage of the vacuum punp 12 preaoitation- 

fl^.l because the trapped gases. BCI3 and Cl^. in the trapping devic^ 16 18 are 

reuMWe. the resources are effectively utili2ed and the operational cost is reduc^. -The voXme of gaslnte ring Sie 
exhaust gas treatment device 26 has been reduced so that the size of the treatment apparatus S reS tlS 
leading to lowering in the capital and operating costs. reaucea. thus 

1 34 ""ih L^T^ example of the low-temperature trapping device, based on a poise tube refrigeration unit 

1 34 whK:h can be operated at not higher than -60 'C. In tNs device, a regenerater 136 and the pulse tube 138 aTX 
cently pM-ovided in the shaft 112. and the regenerater 136 is connected to a compressor 140 trough a c^JS a^ a 

«^^T '^^r""^^ " '^"'^ refrigeration unft u^Sie cS,; 

pressor 140 to compress helium gas generally, and obtains cooling effect through the pressure-temperature variance 
accompanying to compression and expansion cycles to drop the temperature in a range of -60 to -260 °C Regeneration 
ea'uiST,t2: ? " 182 provided on the baffle plate 106. for example, in conjunction with an7n«t1S 
required to prevent explosion. There is not any expander device in this pulse refrigeration unit 134. as there is in the GM 
llT is "ot any vibration, and it is possible to heat the unit 134 to l5gh temjera^ 

tures whHe stable performance fe maintained over a wide range of operating conditions. Furthermore, the GM rS- 
be 5 JS^ToSjr ' "^'"^'^ maintenance schedule for the pulse lube refrigeration unit 

Figure 8 shows another embodim nt of the evacuation system. The conduit 1 4 connecting the vacuum chamber 1 0 
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with the vacuum purrp 12 is provided with three trappir^g devices 30. 32 and 34 operating at respective tenpera^res 
connected in series by way of valves 36. 38. 40 and 42. Downstream of the vacuum pump 12, there is an exhaust gas 
treatment device 26. 01 the three trapping devices, the first trapping device 30 and the third trapping device 34are 
helium refrigeration units 44. arxl the second trapping device 32 is a type based on liqiad nitrogen cooling ^fj"®? 
Figure 3. THe helium refrigeration unit 44 utilizes the cooling effect through the heat of expansion of compressed helium 
gas produced by a compressor 46. and can be operated over a wide range of cooling tenrperatures. 

A process of etching silicon device using the evacuation system presented in Figure 8 will be described below. The 
process gases used here are CF4 and Og. and the exhaust gas from the vacuum chamber 10 contains CF4. 02. SiFa. 

F2. CO and COa- 

The properties of these gases are as follows: 



Gas Types 


CF4 


O2 


SiF4 


F2 


CO 


CO2 


Solid T(»C) 


-184 


-218 


-80 


-220 


-207 


-57 


Boiling T(^C) 


-128 


-183 


-65 


-188 


-192 


•78 



ss 



30 



20 Therefore, if the first trapping device may be operated at -120 -C. for example, to trap S1F4 and COg. and the sec- 
ond trapping device may be operated at -197 -C to trap CF4. and the third trapping device may be operated at -240 C 
to trap CO. 02 and Fj. Because the different gases are trapped by the customized trapping denoes. the st*sequent 
gas treatment can be carried out separately under conditions appropriate to each gas. 

For example. CF4 which is an etching gas can be reused, as necessary, after refining treatment and Fg. which » a 
highly reactive gas. is processed separately to render it harmless. Other harmless gases can be released into the 
atmosphere Further, such gas treatment can be performed after accumulating sufficient volume of gas so that the proc- 
ess efficiency can be improved. Additionally, as desaibed above, a large portion of the gas to be treated is trapped 
before reaching the vacuum pump 12 so that a smaller scale compared with the conventional apparatus e suBment aa 
the exhaust gas treatment device 26. and therefore, the capital cost can be lowered. 

The feature of the present Invention Is that a plurality of trapping devices operated at different temperMjres are 
used to separate the components in the exhaust gas. The principle of the operation will be explained in the loUowmg. 
with reference to a graph presented in Rgure 9. The horizontal axis of the graph represents the temperature of the tap- 
ping devices, and the vertical axis represents the theoretical (ideal) trapping factor. To facilitate understanding of the 
Principle exairples are based on coirponent gases NH3. SiH4 and CO contained in the exhaust gas. In the graph, the 
35 ttiree lines represent trapping factors in the case of NH3, SiH4 and CO gases, each having a partial vapor pressure of 

^ *° For example, the theoretical trapping factor for NH3 at trap temperatwe 1 60 K is 93 %. and at 130 K. it is ^^ J^-^ 
% For SIH4. the theoretical trapping factor at 130 K is less than 1%. but at 70 K. it is not less than 99.1 %. «^ CO- 
theoretical trapping factor at 70 K is less than 1 %, but at 40 K. K is not less than 99.9%. Therefore, when the exhaust 
gas contains a mixture of NH3. SiH4 and CO. each having 1 torr partial pressure, theoretically. » is possible to separate 
them roughly by providing three trapping devices maintained at 1 30. 70 and 40 K. 

TTie above explanation appKes to a case of theoretical trapping conditions Ci.e.. infinitely large trapping area and 
Infinite trapping deration), however, in practice, the area and the duration are finite, and the practical trappiiig factors 
are reduced. A practical solution is to lower the trap temperature lower than the theoretical temperature, and also, these 
examples are based on the partial pressures at 1 torr. but is should be remembered that the curves shift to the right 
when the partial pressures are higher, and the curves shift to the left v»hen the partial pressures are lower than 1 toir. 

Figure 10 shows another type of trap configuration based on a combination of thermal and reactive types. The con- 
duit 1 4 connecting the vacuum chamber 1 0 and the vacuum pump 1 2 is provided with two thermal trapping device 50, 
52 at different tenperatures. and a casing 54 provided in the fore-stage of trapping device 50 contains a "sacrrfiaal 
material The sacrificial material is a specific one. that shov« a high reactivity with a target components in the exhaust 
gas for example, carbon or metals in a powered fbrm. The reactants lonned with the target and specific sacrif laa^ mate- 
rial "have In general a higher melting temperature than the target material itself, allowing it to be trapped at a ^^twely 
higher temperatures, making It possible to treat it on the higher-temperature-range trapping devices. The selection of 
the sacrificial material to be used depends on the target material and/or the overall trap design. ^ 

Figure 1 1 shows the construction of a spherical shaped trap 70. provided in the path of the evacuation conduit 1 4. 
conprising a rotataWe spherical bulb (trapping member) 152 arranged In a spherical space 150. The spherical space 
150 is communicaled orthogonally with a regeneration conduit 154. and also Includes an internal passage 1 56 having 
the same inner diameter as that of the evacuation conduit 14. During the trapping duty, the trapping device 70 is in the 
firet position where the internal passage 156 communicates with the evacuation conduH 14. as shown in Figure 1 1. to 



40 



45 



SO 



SS 



7 



EP 0 811 413 A2 

serve Hs trapping function by having Its internal surface of the spherical space 150 cooled to a particular temperature 
to trap a certain conponent. Preparing for the regeneration duty, the spherical bulb is rotated 90 degrees to communi- 
cate the internal passage 1 56 with the regeneration conduft 1 54. The trapping device 70 can be regenerated by f lowng 
an inert gas at elevated temperatures. 

Figure 12 shows a switchable type trapping device 80 having two cylindrical trapping members 160. The evacuation 
condwt 14 is provided with opposing standby spaces 162 which communicate virith their own regeneration pathway 164. 
When one of the cylindrical trapping members 160 has reached its trapping capacrty. this trapping member is trans- 
posed laterally to be switched wrth a fresh trapping member 160. The used trapping member 160 discharges Its content 
into the regeneration pathway 164 to the regeneration apparatus. This swapping process can be repeated successively 
while the exhausting process is continued uninterrupted. 

Figures 13 to 15 show other embodiments of the switchable trapping devices comprising two regeneration path- 
w^ 216 adjacent and parallel to the exhaust conduit 14 of the vacuum pump 12 for evacuating the vacuum chamber, 
and two trapping members 218 provided are able to be switched by crossing the exhaust conduit 14 and the regenera- 
tion pathways 216 linearly in a crossing direction or the direction at right angles to the regeneration pathvways 21 6. 

This swHchable type trapping devices is comprised by a three dimensional rectangular casing 226 which straddles 
the exhaust gas conduit 14 and the regeneration pathways 216, a shaft member 228 and an air cylinder 230 which Is a 
driving device for reciprocating the shaft member 228 (refer to Rgure 15) along the crossing direction. The casing 226 
is divided into three chambers, a trap chamber 234 at the center and two regeneration chambers 236 at both ends, with 
dividing walls 232. and each chamber is provided with a pipe section 239 having a flange 238 to connect to the exhaust 
conduit 14 or to the regeneration pathways 216. 

Each regeneration pathway 216 is supplied with a regeneration gas from a regeneration gas source (not shown) 
through a three-way valve 222 for heating and vaporizing the precipitated products on the trapping member 218 in the 
regeneration chamber 236 and carrying the vaporized gas therefrom. In a downstream of the regeneration chamber 
236 in the regeneration pathway 216 is provided an exhai^t gas treatment device 224. In the f igure, there are separate 
exhaust gas treatment devices 224. but it is possible to share one shared between the two trapping devices. 

The shaft member 228 is provided with three equally spaced dividing plates 240. and between the plates are a plu- 
rality of baffle plates 242 which are made integral with the shaft member 228 (e.g. by welding) to promote thermal con- 
duction. The dividing walls 232 of the casing 226 are provided with a central opening section 233. and the size of this 
opening is chosen so that the baffle plates 242 can pass through but not the dividing plates 240. In the interior spaces 
between the end dividing plates 240 and the end walls of the casing 226 are covered with bellows 244 (refer to Figure 
14) to maintain hermetic conditions between the regeneration pathway 216 and the exterior environment. Those 
regions which the dividing plates 240 of the dividing walls 232 are touching are provided with O-rings (no* shown) to 
maintain hermetic condition between the trap chamber 234 and the regeneration chambers 236. The dividing plates 
240 are made of a material having high thermal insulation properties to prevent thermal transfer between the trap cham- 
ber 234 and the regeneration chambers 236. 

The shaft member 228, as shown in Figure 15A. is in the form of a cylinder and is made of a material of good ther- 
mal conductivity such as metals, and its interior space is sealed off by means of the central dividing plate 240. As shown 
in Figure 15B, the shaft member 228 is made in such a vray that an inner tube 246 is inserted from both ends towards 
the vicinity of the center dividing plate 240 so that the thermal medium flowing In the Inside of the inner tube 246 is 
returned, at the left end in the drawing, to flow through a thermal medium passage 248 between the shaft member 228 
and the inner tube 246. . 

The thermal medium passage 248 can be supplied with cooling medium such as liquid nitrogen or cooled air or 
water, through a cooling medium supply hose 250 and discharged through a discharge hose 252 which are. respec- 
tively, connected to both ends of the shaft member 228. Of the two thermal medium passages 248 at both ends of the 
shaft* ment>er 228. the cooling medium flows through only the one wHh the baffle 242 staying in the trap chamber 234. 
and the side that stays in the trap chamber 236 is either not supplied with the cooling medium or the heating medium 
flows therethrough. In this case, the hoses 250. 252 are connected to the ends wNch pass through the air cylinder 230. 
so that less space is needed conpared with the case of connecting to the space between the air cylinder 230 and the 

casing 226. ^ ^ , 

The piston of the air cylinder 230 is made to move fonward or backward by the air passing through the solenoid 
valve performing shutting and opening actions according to magnetic signals supplied to the valve. The control over the 
valve are operated, for example, by signals supplied from a sequencer or relay so that switching action may be carried 
out periodically or according to signals from pressure sensors. Other sensors to delect temperatures and pressures 
may be used, for example, a temperature sensor near the baffle 242 in the trapping member 218 or a pressure sensor 
260 at fore and aft of the trapping member 218 in the exhaust conduit 14. 

Next, the operation of the switchable type trapping devices desaibed above will be presented. Referring to Figure 
14. the cooling medium (liquid nitrogen, cooled air or water) is flowed through the trapping mender 218 in the trap 
chamber 234 through the supply hose 250 and the thermal medium passage 248. so that the baffles 242 through the 
shaft member 228 can be cooled. Therefore, certain components of the process gas in the exhaust gas which come 



8 



EP 0 811 413 A2 

into contact are predpHated and form a deposit on the surface of the trapping member. In the regeneration chambers 
236. the temperatures of the shaft member 228 and the baffle plates 242 are raised by a high temperature gas or a 
regeneration gas flowing through the thermal medium passage 248. and the predpitated products are again vaporized. 
The vaporized gas is exhausted from the regeneration pathways 216, and is processed in the exhaust gas treatment 
5 device 224 after detoxification step to be released or recirculated or stored for reuse. 

After certain period of operation of the trap, the air cylinder 230 is operated and the trapping member 218 which 
was in the trap chamber 234 is replaced with another trapping member 218 in one of the regeneration chambers 236. 
thus performing the respective trapping or regeneration step. Because of the thermal insulation of the dividing plate 240 
provided between the trap chamber 234 and the regeneration chamber 236, there is no loss of thermal energy and the 
10 trapping and regeneration processes can be carried out efficiently. The regeneration chamber 236 arxJ the air cylinder 
230 are hermetically separated by the bellows 244. therefore, a drop in the process effidency caused by thermal 
exchanges with the external environment can be prevented so that the trapping device can be operated in a stak)le con- 
dition, and possible contamination into the exhaust conduit 14 from external sources can also be prevented. 

In the embodiments above, the trapping member 218 moves through the casing 226 linearly to perform the swltch- 
75 ing operation, however, it is equally effective to arrange the casing in a ring form so that the trapping members can be 
revolved into an operating position. In case of a rotary an^angement having two trapping members, only one regenera- 
tion pathway would be sufficient. Further, in such an arrangement, it is possible to have not less than three trapping 
member 218 for a given exhaust conduit so that the exhaust gas can be treated simultaneously in two regeneration 
pathways 216. Usually, the rate of regeneration is slower than that of trapping, this type of rotary arrangement is advan- 
ce tageous. 

Figure 16 shows another embodiment in which a reactive trapping device 316 is provided in the evacuation conduit 
314 connecting the vacuum chamber 310 with the vacuum pump 312 through valves 318. 320. There is an exhaust gas 
treatment device 322 downstream of the vacuum pump 312. 

The reactive trapping device 316 comprises, as shown in Figure 17, a cylindrical casing 324 containing a sacrificial 

25 material 326 in the interior space of a container 328. a ceiling plate 330 having an inlet port 332, and an outlet port 334 
on the outer surface of the casing 324. The container 328 comprises, as shown in Figure 18A, two gas-permeat)le mesh 
cylinders 336. 338. a top plate 340. and an overall bottom plate 342 to seal off the overall bottom of the container 328. 

The sacrificial material 326 should also be permeable, and can be made as bulk material of particulate, powders, 
aciculate. irregular lumps or fibers, or a sintered material. The material for making the sacrifidal material is selected 

30 from one that has a high reactivity with the target component in the exhaust gas. considering its stability arxl ease of 
fabrication. Those components which present problems in semiconductor device manufacturing often contain fluorine 
gas. and in such cases. C. Si. S or a mixture thereof can be used. The material used in constructing vacuum pump or 
other material having similar properties are also useful as sacrificial materials. 

The inlet port 332 and the outlet port 334 are provided with their own flanges 344, 346 for connecting to the exhaust 

35 conduit 314. and the interior space of the container 328 is communicated with the inlet port 332 which are connected 
to the vacuum chamber 310 through the valve 318. The exterk)r space of the container 328, that is. the interior space 
of the casing 324. is communicated with the outlet port 334. which are connected to the vacuum pump 312 through the 
valve 320. The ceiling plate 330 of the casing 324 is detachable from the trapping device 316 to permit refill or exchange 
of the sacrificial material 326 as well as deaning of the interior of the casing 324. 

40 Figures 18B and 18C show other examples of the containers for housing the saaificial material. Figure 18B shows 
a type with a shorter inner mesh cylinder 338 and the tx)ttom sections 346, 350 are also made of a mesh material, so 
as to increase the reaction area of the container 328 and its reaction efficiency while preventing an excessive pressure 
loss. Figure 18C shows a type in which the top portion of the outer cylinder 336 is made as an impermeable portion 
352. and only the bottom portion is made of a mesh material so that the gas will flow through the bottom portton only. 

45 This arrangement is effective when the sacrifidal material disappears through the reaction with the exhaust gas so that 
the sacrificial material disposed in the top portion can be gradually lowered into the bottom portion to continue the reac- 
tion. 

Figure 19 shows another embodiment in which the bottom portion of the casing 324 has a tapered section 354. 
This is useful when a trapping reaction between the sacrificial material 326 and the exhaust gas produces solkJ parti- 

50 cles. The partides may be dropped into the tapered section 354 to be disdiarged from the discharge port 356 provided 
at the bottom of the tapered section 354. In this case, it is desirable to utilize the gravity flow of the exhaust gas. there- 
fore, it is advantageous to adopt the type of outer cylinder 336 shown in Rgure 18C. 

Rgure 20A shows another type of reactive trapping device in which a cylindrical casing 360 contains a permeable 
sacrifidal material plate 362. The sacrificial material plate 362 can be made as a laminated mesh sheets or by sintering 

55 powders, particulates or aciculates, or a plate formed with fine holes therein, to suit each application. Rgure 208 shows 
another type in which the gas flow spaces 364 are provided between inpermeable or permeatsle sacrifidal material 
plates 362, and this configuration is particulariy suitable when it is difficult to fabricate the permeable sacrifidal material 
plate. 

Figure 21 shows another embodiment of the evacuation system in which thermal trapping devices 370. 372 are 
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provided in a downstream location of the system shown in Rgure 16. This arrangement \s used to eliminate residual 
conrponents from exhaust gas wNch had not reacted with the sacrificial material and/or to eliminate their reaction prod- 
ucts so that they can be trapped before reaching the vacuum pump 3 1 2. In this example, two traw>ing devices operating 
at two different temperatures are shown, ard this arrangement is convenient in separately trapping and regenerating 

5 gaseous elements which have different solidifying temperatures. 

Figure 22 shows another embodiment of the evacuation system in which two groups of reactive trapping devices 
316 having own valves 318. 320 are provided to facilitate exchanging the trapping devices or sacrificial material without 
stopping the evacuation line. Also, in this example, a differential pressure sensor 374 is provided in the fore- and aft- 
locations of trapping device 316 so that the rate of loss of the sacrificial material or the degree of obstruction in the line 

10 can be estimated from the signal from the differential pressure sensor 374. 

It should be noted that the objects and advantages of the invention may be attained by means of any conpatible 
combination(s) particularly pointed out in the items of the follcwing summary of the invention and the appended daims. 

SUMMARY OF THE INVENTION: 

1 . An evacuation system comprising a processing chamber and a vacuum pump communicating with said process- 
ing chamber by way of an evacuation conduit for evacuating said processing chamber, wherein said evacuation 
conduit are provided with not less than two trapping devices arranged in series and operating at different tempera- 
tures for capturing different components comained in an exhaust gas discharged from said processing chamber. 

20 

2. A system wherein said processing chamber is a semiconductor processing chamber. 

3. A system wherein said vacuum pump is a dry pump using no lubricant in an exhaustion passage within said vac- 
uum pump. 

25 

4. A system wherein at least one of said trapping devices is a low-temperature trapping device. 

5. A system wherein said low-temperature trapping device is cooled with a helium refrigeration unit. 

30 6. A system wherein said low-temperature trapping device is cooled with a pulse tube refrigeration unit. 

7. A system wherein said low-temperature trapping device is cooled by the heat of vaporization of liquefied gas. 

8. A system wherein said low-temperature trapping device is cooled by liquid nitrogen. 

35 

9. A system wherein said low-temperature trapping device is provided with not less than two trapping devices, one 
of which is cooled with a helium refrigeration unit and another cooled with liquid nitrogen. 

10. A system wherein at least one of said trapping devices is detachably attached through a coupling to said evac- 
40 uation conduit. 

1 1 . A system wherein at least one of said trapping devices is provided with a heater. 

12. A system wherein at least one of said trapping devices has an inlet port for admitting a regeneration gas. 

45 

13. A system wherein at least one of said trapping devices has an outlet port for releasing a regenerated gas. 

14. A system wherein said trapping devices are disposed in an arrangement so that a trapping device disposed in 
a downstream location is operated at a lower temperature than a trapping device disposed in an upstream location. 

so 

15. A system wherein at least one of said trapping devices is arranged in a dual parallel arrangement which is com- 
municable selectively with said evacuation conduit. 

16. A system wherein at least one of said trapping devices is provided with a differential pressure sensor. 

55 

1 7. A system wherein at least one of said trapping devices is provided with a recovery oorxJuit for returning a regen- 
erated gas to a processing chamber. 

18. A system wherein at least one of said trapping devices is provided with a conduit to deliver a regenerated gas 
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to a detoxification apparatus. 

19. A system wherein at least one of said trapping devices is provided with a cortduit to deliver a regenerated gas 
to a low temperature tank held at a temperature close to a temperature of said at least one trapping device. 

5 

20. A system wherein said evacuation conduit is arranged in a dual parallel arrangement in such a %vay to be selec- 
tively communicable. 

21 . A system further comprising a regeneration conduit for regenerating at least one of said trying devices, at 
10 least one of said trapping devices being disposed so as to be switchable between said evacuation conduit and said 

regeneration conduit. 

22. A system wherein said regeneration conduit is disposed adjacent said evacuation conduit and said at least one 
of said trapping devices conprises switching device for mechanically switching said at least one of said trapping 

IS devices between said regeneration conduit and said evacuation conduit. 

23. A system wherein said at least one of said trapping devices comprises two trapping mernbers alternatingly 
placed in said regeneration conduit and said evacuation conduit. 

so 24. A system further comprising a control device for automatically operating said switching device by directly or 
indirectly judging the amount of components trapped in said trapping device. 

25. An evacuation system comprising a processing chamber communicated with a vacuum pump for evacuating 
said processing chamber through an evacuation conduit which is provided with a sacrificial material to react with a 

ss reactive component contained in an exhaust gas discharged from said processing chamber so as to deactivate said 
reactive component. 

26. A system wherein said sacrificial material is permeable and is contained in a reactive trapping device disposed 
in a path of said evacuation conduit 

30 

27. A system wherein a filtering device, for removing a reaction product formed by a reaction between said reactive 
component and said sacrificial material, is disposed in a path between said sacrificial material and said vacuum 
pump. 

35 28. A system wherein said filtering device is a low-tenrperature trap. 

29. A system wherein said vacuum pump is a dry pump which uses no lubricating oil in an exhaust path. 

30. A system wherein said reactive trapping device is detachably disposed in a path of said exhaust passage. 

40 

31 . A system wherein said reactive trapping device is disposed in a dual parallel arrangement so as to be selec- 
tively communicable with said evacuation conduit. 

32. A system wherein said reactive trapping device comprises a sensor to indicate an amount of sacrificial material 
45 remaining. 

33. A system wherein said reactive trapping device comprises a sensor to indicate a differential pressure between 
fore- and aft-locations of said reactive ti^apping device. 

so 34. A system wherein said sacrificial material includes not less than one material selected from a group consisting 
of C. Si and S. 

35. A system wherein said sacrificial material includes a metallic material. 
55 Claims 

1 . An evacuation system comprising a processing chamber and a vacuum pump communicating with said processing 
chamber by way of an evacuation conduit for evacuating said processing chamber, wherein said evacuation corxftiit 
are provided with not less than two trapping devices arranged in series and operating at different tenrperatures for 
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capturing different components contained in an exhaust gas discharged from said processing chamber. 

2. A system according to claim 1 . wherein said processing chamber is a semiconductor processing chamber, wherein 
preferably said vacuum pump is a dry punp using no lubricant in an exhaustion passage within said vacuum pump. 

5 wherein preferably at least one of said trapping devices is a low-tenperature trapping desnce. wherein preferably 

said low-temperature trapping device is cooled with a helium refrigeration unit, wherein preferably said low-temper- 
ature trapping device is cooled with a pulse tube refrigeration unit, and/or by the heat of vaporization of liquefied 
gas, and/or by liquid nitrogen, and wherein preferably said low-temperature trapping device is provided with not less 
than two trapping devices, one of which is cooled with a helium refrigeration unit and another cooled with liquid 

10 nitrogen. 

3. A system according to claim 1 or 2. wherein at least one of said trapping devices is detachat)ly attached through a 
coupling to said evacuation conduit, wherein preferably at least one of said trapping devices is provided with a 
heater, wherein preferably at least one of said trapping devices has an inlet port for admitting a regeneration gas. 

IS wherein preferably at least one of said trapping devices has an outlet port for releasing a regenerated gas, wherein 
preferably said trapping devices are disposed in an arrangement so that a trapping device disposed in a down- 
stream location is operated at a lower temperature than a trapping device disposed in an upstream location, 
wherein preferably at least one of said trapping devices is arranged in a dual parallel arrangement, which is com- 
municable selectively with said evacuation conduit, wherein preferably at least one of said trapping devices is pro- 

20 vided with a differential pressure sensor, wherein preferably at least one of said trapping devices is provided with a 
recovery conduit for returning a regenerated gas to a processing chamber, wherein preferak)ly at least one of said 
trapping devices is provided with a conduit to deliver a regenerated gas to a detoxification apparatus, and wherein 
preferably at least one of said trapping devices is provided with a conduit to deliver a regenerated gas to a low tem- 
perature tank held at a tenperature dose to a temperature of said at least one trapping device. 

25 

4. A system according to one of the dairr^ 1 to 3. wherein preferak)ly said evacuation conduit is arranged in a dual 
parallel arrangement in such a way to be selectively communicable. 

5. A system according to one of the daims 1 to 4. further conprising a regeneration conduit for regenerating at least 
30 one of said trapping devices, at least one of said trapping devices being disposed so as to be switchat^e between 

said evacuation conduit and said regeneration conduit, wherein preferably wherein said regeneration corxluit is dis- 
posed adjacent said evacuation conduit and said at least one of said trapping devices comprises switching device 
for mechanically switching said at least one of said trapping devices between said regeneration conduit and said 
evacuation conduit, wherein preferably said at least one of said trapping devices comprises two trapping members 
35 alternatingly placed in said regeneration conduit and said evacuation conduit, and preferably furtiier comprising a 
control device for automatically operating said switching device by directly or indirectty judging the anxHjnt of com- 
ponents trapped in said trapping device. 

6. An evacuation system comprising a processing chamber communicated with a vacuum pump for evacuating said 
40 processing chamber tiirough an evacuation conduit which is provided with a sacrifidal material to react with a reac- 
tive component contained in an exhaust gas discharged from said processing chamber so as to deactivate said . 
reactive component 

7. A system according to daim 6 . wherein said sacrificial material is permeaksle and is contained in a reactive trapping 
45 device disposed in a path of said evacuation conduit, wherein preferably a filtering device, for renrwving a reaction 

product formed by a reaction between said reactive component and said sacrificial material, is disposed in a path 
between said sacrificial material and said vacuum pump, wherein preferably said filtering device is a low-tempera- 
ture trap, and wherein preferably said vacuum pump is a dry pump which uses no lubricating oil in an exhaust path. 

50 8. A system according to daim 6 or 7 wherein said reactive trapping device is detachably disposed in a path of said 
. exhaust passage, wherein preferably said reactive trapping device is disposed in a dual parallel arrangement so as 
to be selectively communicable with said evacuation conduit, wherein preferaUy said reactive trapping device com- 
prises a sensor to indicate an amount of sacrrficiai material remaining, and wherein preferatDly said reactive trap- 
ping device comprises a sensor to irwlicate a differential pressure between fore- and aft-locations of said reactive 

55 trapping device. 

9. A system according to one of the claims 6 to 8. wherein said sacrificial material includes not less than one material 
selected from a group consisting of C. Si and S, and wherein preferat}ly said sacrificial material includes a metallic 
material. 
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10. An evacuation system comprising a processing chamber and a vacuum punp communicating with said processing 
chamber by way of an ey/acuation conduit for evacuating said processing chamber, wherein said evacuation conduit 
are provided with not less than two trapping devices. 
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